INTRODUCTION
Among the recently discovered Fe-based superconductors [1] , the highest superconducting transition temperature T c of 56 K has been reported in SmFeAs(O,F) [2] . This new class of material shows very high upper critical fields at low temperatures together with a moderate anisotropy ranging from 4 to 7 [3] , which is suitable for high-field magnet applications. Hence several attempts on wire fabrication using SmFeAs(O,F) by powder-in-tube technique (PIT) have already been reported [4] , despite the lack of information on the field and orientation dependence of intra-grain critical current density [i.e., J c (H, Θ)]. In order to exploit this material class, the knowledge of these properties should be clarified.
Epitaxial thin films are favourable for electronics device applications and investigating transport as well as optical properties thanks to their geometry. Recent success in fabricating epitaxial Fe-based superconducting thin films opens a great opportunity for investigating their physical properties and exploring possible superconducting applications. To date, high-field transport properties of Co-doped SrFe 2 As 2 (Sr-122) and BaFe 2 As 2 (Ba-122), and Fe(Se,Te) epitaxial thin films have been reported by several groups [5, 6, 7] . For Co-doped Ba-122, J c performance can be tuned by introduction of artificial pinning centers and proton irradiation [8, 9] . Additionally, multilayer approaches that can tailor superconducting properties and their anisotropy have been reported by Lee et al [10] . Furthermore, epitaxial Co-doped Ba-122 and Fe(Se,Te) thin films have been realised on ion beam assisted deposition MgO coated conductor templates [11, 12, 13] and the rolling-assisted biaxially textured substrate [14] , respectively. Similarly, high performance K-doped Ba-122 and Sr-122 wires by PIT have been reported by Weiss et al. [15] and Gao et al [16] , respectively. These results are very promising for realising Fe-based superconducting high-field applications. However, transport critical current properties of high-T c (i.e., over 50 K) oxypnictide thin films have not been reported before due to the absence of high quality films. Recently, in situ prepared LnFeAs(O,F) (Ln=Nd and Sm) epitaxial thin films with T c exceeding 50 K have been realised by molecular beam epitaxy (MBE) [17, 18] . These successes give many possibilities to explore electro-magnetic properties.
In this paper, we report on various in − plane (i.e., current is flowing on the crys- 
RESULTS

Microstructural analyses.
As verified by x-ray diffraction, the biaxially textured SmFeAs(O,F) film with a narrow full width at half maximum (FWHM) of less than 0.65
• was obtained (See in Supplementary Fig. S1 ). As shown in Fig. 1a By analysing the E-J curves from which J c was determined, we obtain the information on the pinning potential. On the assumption of a logarithmic current dependence of the pinning potential U p for homogeneous samples, E-J curves show a power-law
, where k B is the Boltzmann constant) [24] . Hence J c scales with n and indeed the field dependence of n has a similar behaviour to J c (H) for H c, as presented in Fig. 3b . For H ab, n decreases with H up to 28 T, similarly to the J c (H) behaviour, whereas at larger field it suddenly increases due to the dominating intrinsic pinning. Hence a failure to scale J c with n or deviations as shown in Fig. 3c indicates the presence of intrinsic pinning.
The field dependence of the pinning force density F p for both crystallographic directions at 4.2 K is summarised in Fig. 3d . An almost field independent F p above 10 T for H c is observed, whereas F p for H ab is still increasing up to the maximum field available. angles Θ up to 75
Angular dependence of
• . Similar isotropic behaviour is seen at 6 T. These results suggest the presence of c-axis correlated defects. However, the presence of these defects is ruled out by TEM investigation, since only relatively large FeF 2 particles are observed in the SmFeAs(O,F) matrix. Recently, van der Beek et al. pointed out that defects of size larger than the out-of-plane coherence length contribute to c-axis pinning in anisotropic superconductors [25] . Additionally, the intrinsic pinning is active below T = 30 ∼ 40 K, as shown below. Hence the combination of large particles and the intrinsic pinning may be responsible for this isotropic J c (Θ).
For H ab, a broad maximum of J c is observed and this peak becomes sharper with increasing H (Fig. 4a) . However, the corresponding n shows a broad minimum for H close to ab direction (Fig. 4b) , which is opposite behaviour to J c . This is due to the thermal fluctuation of Josephson vortices, which leads to flux creep. Here, the flux creep rate S = −dln(J)/dln(t) and the exponent n are related as S = 1/(n − 1) [26] . When the applied field is close to the ab-plane, a number of thermally fluctuated
Josephson vortices are generated, leading to an increase in S. This could quantitatively explain a dip of n at around H close to ab. Similar behaviour has been observed in [32, 33] . Thus, in this regime J c (Θ, H) depends only on the field component along the c-axis. For our SmFeAs(O,F) thin film, the aforementioned condition is satisfied above 28 T at which the crossover field between extrinsic and intrinsic pinning is observed (see Fig. 3a) . Hence, for Θ > 59 2.2 nm, where γ is the effective-mass or resistivity anisotropy, which is about 30 at T = 0 K from measurements of the c-axis plasma frequency using infrared ellipsometry [35] .
The evaluated superconducting coherence lengths for both crystallographic directions are in very good agreement with single-crystals values reported by Welp et al [36] .
The presence of a dimensional crossover indicates a possible intrinsic Josephson junction in SmFeAs(O,F), which can be used in superconducting electronics applications such as a terahertz radiation source and a superconducting Qubit [37, 38] . Indeed, the intrinsic Josephson junction was reported for a PrFeAsO 0.7 single crystal, where an sshaped stack junction in c-direction was prepared by focused ion beam [39] .
For high-field magnet applications, a high J c together with a low J c anisotropy (
in the presence of magnetic field is necessary. The present results are promising, since J c is over 10 5 A/cm 2 at 45 T for both crystallographic directions. Further increasing in J c is possible, since the only appreciable defects in our SmFeAs(O,F) films are large FeF 2 particles. Improved pinning performance and, as a consequence, larger J c could be realised by incorporating artificial pinning centres similarly to Co-doped Ba-122 thin films reported by Tarantini et al [8] . Albeit the J c anisotropy is increasing with H, this value is still low compared to high-T c cuprtaes. For instance, J c anisotropy is about 3.6 at 30 T and 4.2 K in SmFeAs(O,F), whereas the corresponding value in YBa 2 Cu 3 O 7−δ is over 7, albeit the latter shows higher J c than the former [40] .
PIT is a more realistic process than MBE for high-field magnet applications. High temperature heat treatment in PIT leads to a loss of F, however, this problem can be solved by employing a low temperature synthesis and ex-situ process with SmF 3 containing binder as explained in refs. [41, 42] . Despite a high T c of over 45 K for both SmFeAs(O,F) wires, self-field J c shows only a few thousand A/cm 2 at 4.2 K, which is presumably due to grain boundaries (GBs), poor grain connectivity and low density. Obviously these PIT processed wires contain a high density of large angle GBs. In the case of Co-doped Ba-122 GBs with misorientation angles above 9
• seriously reduce the crit- plied during the growth of SmFeAsO layers. After the overlayer deposition, the sample was kept at the same temperature in the MBE chamber for 0.5 h for the purpose of F diffusion into the SmFeAsO layer. The detailed fabrication process can be found in ref. [17] . SmFeAs(O,F) films are grown epitaxially with high crystalline quality confirmed by x-ray diffraction, which is summarised in Supplementary Fig. S1 . as indicated by the arrow, both curves overlap each other. 
